The natural course of hepatitis B virus (HBV) infection often shows long phases of massive replication activity and high viral loads. Despite having a genome coded in DNA within the virus particles, a necessary RNA intermediate in the replication cycle of HBV is transcribed by a reverse transcriptase (RT). In the enzymatic relevant regions, this polymerase shows high structural similarity to the RT of HIV [1] . In HBV as in HIV, the missing proofreading function of the RT in addition to a high replication rate causes multiple mutation events. However, in contrast to HIV, the variability of HBV's sequence is limited by the overlapping of the two open reading frames (ORFs) of the RT and the hepatitis B surface antigen (HBsAg): both proteins share one region on the genome. Consequently, protein sequence analysis should always include both ORFs because a mutation in one ORF may alter the protein coded by the other ORF as well [2] . A worst-case scenario would be a viable virus that carries both a resistance mutation in the RT ORF and an escape mutation in the HBsAg ORF. Although the overlapping ORF structure limits the variability, the restrictions are not too high. For example, HBV genomes of some pa-
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tients treated with the nucleotide analogue adefovir (ADF) have resistance mutations in the RT which simultaneously lead to stop codons in the HBsAg ORF. Replication of these HBV genomes is still possible; the most plausible explanation is that the lack of functional HBsAg in these genomes is complemented by viable other HBV genomes in the form of cccDNA (covalently closed circular DNA) that occur in the same cell [3] and supply expression of functional HBsAg in trans. HBV genome fragments encoding truncated HBsAg have been found in hepatocellular carcinomas and cells containing these fragments may induce tumors in humanized immunodeficient mice. Thus, occurrence of such therapy-induced mutants may be associated with a higher risk of hepatocellular carcinoma development [4] .
HBV Genotypes
There are 9 different genotypes (A-I) of the hepatitis B virus, which differ in at least 8% of their DNA sequence. Further, different subgenotypes can be distinguished and have >4% divergence in their nucleotide sequence, although some researchers also consider >3.5 % as sufficient if there is strong boot strap support (see Kramvis [this issue, pp. 141-150]). The different genotypes and subgenotypes have typical geographical and ethnical distributions [5, 6, 26] .
For the treatment of the disease, inhibitors of the RT as well as interferon (IFN) are used [7] . While no differences in sensitivity to RT inhibitors associated with wildtype sequence variety could be observed, there is an association of the genotype to the IFN treatment response. Patients with genotypes A and B have a higher sustained success rate with IFN than those with genotypes C and D. On this basis, genotyping prior to treatment with IFN is recommended in the German guidelines for the therapy of HBV infections [7, 8] .
HBV Resistance
In addition to IFN, 5 directly active drugs are approved for the treatment of hepatitis B infection and allow several ways of optimal treatment. ADF, entecavir (ETV), lamivudine (3TC), telbivudine (Tlb), and tenofovir (TDF) are either nucleoside or nucleotide analogues, of which 3TC and TDF are also used in HIV therapy. This treatment efficacy is based on the structural similarity of HBV and HIV RT. The selection of resistant virus variants is a major challenge in the treatment of hepatitis B. After 1 year of treatment with 3TC, 14-32% of patients carry resistant variants, increasing to 80% after 4 years [9] . After the approval of ADF, many patients with failing 3TC treatment underwent a therapy switch to ADF. Admittedly, 20% did not respond from the beginning and 29% showed resistance to ADF after 5 years of treatment [9, 10] . ETV had low resistance rates in therapy-naïve patients, namely 0.2% after 1 year and 1.2% after 5 years, in contrast to 57% of patients pretreated with 3TC after 5 years [9, 11] . To date, TDF is the only drug for which no resistance has been reported since its approval in 2008, and this has been recently confirmed for 6 years of therapy [12] . It was reported that patients with ADF failure do not respond to TDF as completely as patients with another pretreatment, but this lower sensitivity does not reach the level of clinically relevant resistance [13] .
Escape Mutations
To date, it is not clear which factors are decisive for a chronic or a resolving course of an acute HBV infection. In highly active persistent infections, the immune system is quasi-tolerant to the viral antigens except for the formation of nonprotective antibodies against the core antigen. In resolving cases, gene expression and replication of HBV is controlled by an active cellular immune response so that ultimately no free virus will be detected in the plasma. However, low levels of HBV cccDNA usually remain in the nuclei of hepatocytes and may replicate at very low levels. These occult HBV infections may reactivate expression of HBV gene products and restart enhanced replication if the immune competence of the patient is impaired. The reactivated virus may have signs of T-cell escape, but occasionally only a wild-type virus reappears.
Neutralizing antibodies against the HBsAg direct a high selective pressure on the S gene and can induce selection of escape variants. The selection of such escape variants can be detected in 40% of all patients receiving long-term passive immunization with hepatitis B immunoglobulin [14] , but they are also often found in reactivated HBV infections [15] . Mutations of HBsAg causing immune escape can also be the result of changes in the RT due to antiviral therapy because of the overlapping reading frames [16] . Those escape mutations can impair protection by active vaccination or the natural immune response, and may weaken detection of HBsAg in diagnostic assays. The development of stop codon mutations in the HBsAg frame can be a further consequence. Stop codons lead to the expression of truncated HBsAg that is no longer secreted anymore and stored in the ER. The resulting ER stress plus the cytosolic localization of the preS transcription activator induce the myc pathway, leading to a higher risk of hepatocellular carcinoma development [17] .
Prediction Systems: Interpretation Tools
As for HIV resistance, several tools are available for resistance testing in HBV -either commercially or freely accessible via the internet. A state-of-the-art interpretation system should analyze sequences of both HBV proteins, the RT, and HBsAg of all genotypes.
Commercial Systems
The TRUGENE HBV Genotyping Assay (Siemens Healthcare) allows the identification of the HBV genotype and HBV mutations at the same time using direct sequence analysis (rules set see table 1). It describes itself as 'a fully integrated HBV genotyping solution: hardware, chemistry, software and report' as it provides a sequence analyzer, reagents for PCR, and sequencing reactions, as well as alignment and interpretation software.
The Abbott HBV Sequencing Assay provides reagents for amplification and sequencing for Life Technologies TM (Applied Biosystems TM ) capillary sequence analyzers. It targets the RT region of the HBV viral genome and is also capable of detecting genotype and RT resistance mutations in the same assay. Interpretation of the derived sequences can be performed with the commercial SeqHepB [18] or with freely available interpretation systems like geno2pheno or HIV-GRADE (see below). ViroScore ® (ABL SA Group) provides the SeqHepB interpretation system [18] . SeqHepB is a genotype interpretation, database, and analysis tool, and proposes more 235 than 7 different drug resistance interpretation algorithms issued from expert groups. It is capable of determining HBV RT mutations and performs HBV drug resistance interpretation for ADF, ETV, 3TC, Tlb, and TDF, as well as HBsAg mutation determination and especially vaccine escape assessment. Although the functionalities currently available are limited to Sanger sequencing, ABL is currently adapting it to handle next-generation sequencing HBV data, and also to perform hepatitis delta virus genotyping and liver cancer susceptibility assessment.
Noncommercial Systems
Several prediction tools are capable of interpreting both protein sequences and can also be used with the output of the commercial assays as well as in-house assays.
Amplification and sequence analysis can, for example, be performed by using a protocol described by Schildgen et al. [19] , and can be improved by additional oligonucleotides (HBrt-fw: gtcacttccggagactactgttgttagacgacg, HBrt-rev: gcgcatcggtccggcagatgagaaggc and MHL-fw: gtcactcatatgctcttcatcctgctgctatgcc, HBsAg-fw: gtcactggtaccatggagagcacaacatcaggattc, HBsAg-rev: gcgcataagcttttcaaatgtatacccaaagacaaaag) [20] .
geno2pheno[HBV] offers state-of-the-art sequence analysis of the HBV genome. Special attention has been paid to create easy to use and well-structured input and output forms, in which the user can submit and analyze up to 8 sequences simultaneously. Upon submission, each input sequence is aligned against an HBV consensus sequence of the RT domain. Subsequently, the HBV genotype (A-H) and HBV subgenotype (A1-F2) are inferred using 325 reference sequences [5] . geno2phe-no[HBV] implements a genotyping methodology that can identify and genotype inter-and intragenotype dual infections based on population-based sequencing data when multiple viral strains are visible in the input sequence [21] . The aligned nucleotide sequence is translated to the amino acid level with respect to both the RT ORF and the HBsAg ORF. All polymorphisms with respect to both reading frames are extracted. Using the list of mutations in the RT ORF, an expert system based on a set of Boolean expressions computes the resistance prediction for the HBV drugs 3TC, ADF, ETV, TDF, and Tlb. Prediction results are staged in four categories, namely susceptible, limited susceptibility, partly resistant, and resistant. The rules are based on literature research and incorporate recent research results. Similarly, the amino acid sequence of HBsAg is compared against a comprehensive list of escape mutations, which was crafted from the literature which is listed in the tool (www.genafor.org/services.php). The output includes the prediction of the mode of escape (vaccine, immune, and/or detection) for each relevant mutation, including a staging of the impact of each mutation (high impact, medium impact, secondary mutation). geno2pheno [HBV] offers the export of the analysis result as a PDF file, which might be used to archive the analysis or for communication purposes.
The HIV-GRADE HBV tool is an adaptation of the HIV-GRADE [22] tool to HBV. The HIV-GRADE tool itself is based on the source code from the Stanford HIVdb tools [23] . In brief, the nucleic acid sequence is aligned to a pan-genotype consensus sequence, and then realigned to a genotype-specific consensus sequence after comparing the homology to different representative sequences and genotype-specific consensus sequences. Differences to this closest genotype consensus sequence are extracted and used for further analysis. The applied sequence information was gathered by an extensive search of genotyped sequences in Genbank [24] . The differences to the consensus sequence are then classified by the rules in the HIV-GRADE HBV tool ( fig. 1 ) . The rule set itself is described in XML format based on the algorithm specification interface developed by the Stanford HIVdb group. Rules are based on extensive literature research and own clinical experience by the members of the HIV-GRADE society (see table 2) [25] . Necessity of rule changes is discussed twice a year at the regular meetings of the HIV-GRADE society. 
Conclusion
The prediction systems currently available are rulebased interpretations. In contrast to HIV, machinelearning techniques have not been implemented into available tools yet. Phenotypic data from the assay described in this issue (see Glebe and Geipel [this issue, pp. 134-140]) have not reached the amount necessary for machine-learning approaches to replace the rule-based systems. While there are plenty of clinical data for Tlb, 3TC, and ADF, it is still a challenge to assign a clinical cutoff for ETV despite clear description of resistance mutations. For TDF, no resistance mutations have been verified in clinical samples so far. With the described free and commercial tools, systems are available that allow the interpretation of one HBV sequence in both ORFs. Personalized treatment strategies are simplified with these methods, allowing highly effective treatment for hepatitis B and reducing the risk of emerging resistance and escape of HBV.
